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ABSTBACT

SPLICE (Stock Point Logistics Integrated Cecmmunica<icns
Envircnment) is a plan designed to automa+te cdata hanrdled at*
S=ock Pcints and Inventory Control Poirnts for the Unized
States Navy Supply System. Ths SPLICE concept involves <he
use ¢f a number of Local Aréa Networks which ceommunicate via
*h2 Defsnse Data Ne*wezk. As a pacr of the ongoing Teseacch
in +he igplementation of SPLICE, this “hesis addresses <he
Database Maragement Mecdula of <he Local Area N=ztweTtk é&nd
possitle prcklem areas which may be enccun<ered wh2n *his

mcdule is fimally in place. A proposed conceptual design cf

the datatase is presented and 3database compu*ers are evalu-
a=ed fcr possible use in SPLICE.
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I. INTIRODUCTIOR

A. AUICMATION OF A SUPPLY SYSIEN

Cut ¢cf a need fcr a data 3utomation systsm which would
hardle stcck pcints ard inverntory control points, grew 2
need for a plan *o kzing togsther a aumbsr of infcomation
Sys-ems cen=ered arcund stcck point and izventery ccontrol
poin+t applicatiens. The Stock Point Legistics Integratad
Commuricaticns Envircrment (SELICE) concept is +tha* plean.
This ccacep* invelves the distribuzion ¢f a mber ¢f local

D2fzrse Data

b‘

area netwcrks (LANs) which ccamaunicazte vi s
Netwerk (PDN). This thesis will tak2 a brief 1look at scms
aspscts c¢f the »plan. But before sxaminin ths SPLICE
Concers:, we will <ccmpare Local Ar2a Netweztks and Long

Distancz Ne“works.

B. LCCAL RETWORKS

A local area netuwork is a data communications system
which allcws a nuamber ¢f independent devices “¢ communicate
with each ¢<her, including compuzers,“srminals, mass szc:aqé
dsvices, printecs, ploz+ters and copying machines. 1 1leccal
retwcrk supperts a wide varisty of applicatins such as £ile
edi-irg and *ransfer, graphics, word procassirng, =2leczronic
mail, dataktase managemen and digital voice [Ref. 1]. Each
LAN in SELICE will te aunigquely configurad aad may include
som? ¢r 12ll of the akove <compon=ants. The gquestisn to ask
concerning local area networks is "Wha< are “h2 charac+taris-
tics which make up a lccal area netwcrk?"

According to A. S. Tanenbaunm, refersnce 2, local
retwcrks tave three distinct charactecistics:

—cn
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1. 4 diametzr of no~ mers than a few kil-ome=ers

Z. A tctal data rat2 2xceeding 1 ¥4bps
3. Cwnershio by a singls organizaxzic

ll
~
M

Long distance ne*works, on the other hand, ace rps<dccks i:

DDN. A lcng distance network is usually own=2d by = cc
caticns carrier and is opera*=2d as a public utility £
subscriters, providing services such as voice, da+%a and
vidzc [Ref. 1]. The way a ccmmunicacti

ons system will aliow
effective message exchange tetweer JiZfsczn< communziticss

(3}
o o
L)

use-s withir 2ach lccal area rcstwerk L3 beyond <he scofp

“

this zhzsis.

C. SPLICE AND ITS RELATIONSHIP WITH UADPS-SP

Wwhsn SPLICE is examined, we see <ha= it is dssigned %o
augment tte =2xis+«ing Navy stock poin* and isven<ory centzol
pcin~ ADE facilitiss which surporz +h2 Unifora Autcmated
Daza Pzccessing System-Stock Points (UADPS-SP) [{Ref. 3].
This systza was one c¢f the firs+« at<«2a@pis a< szandardizing
dis+zibu=zd 1lcgistical infermaticon. The gvoluticn cf
UADPS-SE will be *raced In the folicwing sec+ions.

1. Crigin of UALES=SI

Tte crigiral concepr of “hz iis<ribu=sd processing
nt supply transactions, along with =hs mainzenance cf szcck
rds was first *ested a+ NSC YorZiolk in 1956, Upcn =he

’
successful complsetiorn of tests, a aumber o9f compu*ers cf

-

vazricus sizes and wmcdels were installzé a3t 2 few NSC's
(0akland, Bayonne, San Diegc), a*t NSD Newpers: and a= NSY

Charles=cn in 1957 ard 1958. Prompte by a push fec:r s*and-
ardizaticn ¢f DOD logistics managsamenz systems, In
cf 19¢1, the Bureau of Supplias aad Accounts (pressn<ly
NAVSUF) eszablished a full-time ccami=tee <0 sta :

pcocedceres as well as equipmant at major stock pcin*s. The

- aoh

o
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Application Title Activity
A Requisition History aad Status NSC Bayonne 1
B Receipts/Dues NSD Newport
c Demand Processing NSC Norfolk
| D . Inventory Control File NSC Oakland
Maintenance
E Financial Inventory Control NSCs San Diego

IBM 1410 ccmputer was s=z=lszcted €or Stock Point UADES in
Japuary cf 1962. Uren coppistiocn of az ADP pregrammi
trairing cocurse, cach participating s<ock point was assig:
tha *ask c¢f analysing and rprcgramaing a par=iculsl appll

tion., Figure 1.1 lists “hke initial applicatrions alcng w

HISTORY OF STOCK POINT UADPS

and Oakland

F Stores Accounting NSC Pearl Harbor
G Cost Accounting NSC San Diego
K Payroll NSC Pearl Harbor

(later changed to
NSY Long Beach)

the activity “hey were assigned *o in 1962, 7T¢ =his 1

qrowrn and evelved over the vyvears. There &

Pigure 1.1 Initial Applications.

ist, a
number of other applications have bean 2dded <o da-e. ct
crurse, <+his was orly the beginning of a systsm which has

ave bsen numercus




ng *¢ the havdware and sci-=vwecs

c
€ has also bDbeen a number of suksys-ems
baselir2 UADPS-SP arpplicea=zisn
segments cr significant subsystems have been implemented by
*hz ac*ivities seen in figure 1.2
Tcday, the hazdware fcr “he JADPS5-SP ccnsis<ts of the
Burroughs wgediuym sized (B-3500/3700/47350/4800) SysS=2s.
Fres=nrly, <hsre a:ce¢ twen*y new applicaticn systews being
develcpsd which <cequire considerahble In=eractiva 2and *tele-
communica<icn suppert, The currsnt  UJADPS-SP cannces SuUpper*
“hese rcguiremen<s withcuy< a tctal <cadesign <ffcr*t and wil
protakbly =require fu*uyre rerplacamsar 2f the curran*t @
frames [Ref. 3]. Never~hzless, 3s <he Navy Suprly Sys<en
evolves tc meet he changing flset rnzads, °MSC will ziap=
and ad-duet UADPS-SP +o meet thases 2merging requizeaxzots
[(Ref. 4].

JapEsS~=sSP

O
(&)Y

2, SFLICE, a CCEpu~ar ne=-work iz suppez=

has besn 3decid=d

w
e}
ot
-~
.‘
[N,

Xetumming to <he SPLICE ccoc R
rovid2 backcezcund

+ha* zhe Burrcsughs computezs will 9
g-ocessing functions £for larg2 £file prccsssing and Cepor=
hz sams compu+ers used in

¢ UADES-SE sys==n.
icccriing *o zsference 3,

SPLICE will b2 davc*ooed, hewaves, using a standard sex
0f miniccmruter aardware aad sof:zware. This s-tardazgiza-
ticp is craér+ticularly *mnor ant because SPLICE will be
zgplemcnt-d at some sixt y 3:iffersn< oeog:aig;ca+ loca-
=i0ns, _each having a diffeTent aix of apE icazicrn_ anad
tzIginal :equ1:em=nt Addizicrelly, cach LAN must havs:
<32 carability of ccmmunica =ing ¥4itn cther LANs via the
Defens: Data Network ( DDN ), whzch i3 =¢ bs previded by
the Defense Communications Agency ( DCA ).

A layout of +*he local area na2twork ( LAN ) can be
s2en in figure 1.3 . Pigurs %.4 , on +the other hand, shcws
the lcgical ne+werk concept. Each local area netwerk will
includée *he following sof+ware mndulss:

11
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. lceal Communications ( LC)
. Yational Coammunications {( NC ) .

[\ Ry

1Y)

. Fzer=-End Preccessing ( FEP )

4. Terminal Management ( TM )

5. Lata Bas=z= Management ( DBM )

6. Sescsion Services ( 5SS )

7. Eeripheral Management ( PM )

8. Rescurce Allccation ( HA )
The above mcdules will be divided into <hesz mcdules which
psrfcrm crerating furcticns and <those which supreper=s *he

effective use of these mndules cn *ha local arcea ne+work.

C. STANCARDIZATION CF SPLICE BY DOD

Cne of <he objectives of DOD in SPLICZ has b€es thez O
standardiza<ion, Independent d=svelopment of 1locz2l
ne=works would cause prnblems. Thz aajor prcblz2m  wculi be
urnscessazy duplicaticn c¢f ¢ffort and ¢
of urnique hardwars and sof*war4e. A s<tandar

o

(]

“hsr hand, wculd e mcrs =ccenomical =
main+ain and opszrate. For =2 projsct =he size cf S

standardiza<ion is tke only wise cho:ce.

E. FUNCTIONS OF THE CATABASE MANAGEMENT MODOLE

As a resul%t 2f ongoing research in <hz iamplementa<~ica of
SPLICE, <this thssis will address those issues iavoived with
the design ¢f <the Data Base Managemenaz Mcdule of +he lccal
eézsa rnetworks. The func*ions performad Dby *he TLa-=abass
Managemszn* Mcdul: as outlined in refersrce 3 will be <he
fsllcwing:

1. Filsz creation

2. File update

3. Cuery processing and data cetrisval

4., Ca*a dictionary creatiosn and maintazpance
5. File catalog creation and maintsnance

12
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Figqure 1.5 givss an cutline of 1a back-end Adatabase
managemsn<s system taken fron [Ref. 3]. The impplsmenta<ion
cf SELICE for +he Latabas2 Mapagesent Mcduls has- beern

iscussed in rzference 3 aand the conceptual employment cf it

according tc raference 5 is:

“The ccncept employsd in the recommended
irplementation of the database and T=2rminal
Maragement Resour¢e requirements, for SPLICE
ceptir arcund a hjghly decen<r-alized and
lecesel ccugled digtributed lccal zz=2a
network ( LAXN }. "

Tha processcrs fir each sof+tware moduls witain €ach ILAN will

te implenented scparatelv.

P. SCCPE OF THESIS

+hig <hesis, a precpessd corczptual design 9Z <zhe
2 for SPLICE will be oressnzad. Iz will alse zddrsss

rcblem aczcas which may be 2ncountsred when this
le is finally 3irn place 2and sugges-icns on how +*hise
1 y bz resclved. Pinally, scas hardware suggss+iocas
£

or the future.

13




HISTORY OF STOCK POINT UADPS

The following activities have implemented baseline UADPS-SP or significant
subsystem/application segments:

UADPS-SP ACTIVITIES

MCAS Cherry Point
MCAS El Toro

MCAS Yuma

NAF Washington

NAS Alameda

NAS Atlanta

NAS Barbers Point
NAS Cecil Field
NAS Corpus Christi
NAS Glenview

NAS Jacksonville
NAS Lemoore

NAS Memphis

NAS Miramar

NAS Moffett Field
NAS New Orleans
NAS Norfolk

NAS North Island
NAS Patuxent River
NAS Pensacola

NAS Point Mugu

NAS South Weymouth
NAS Whidbey Island
NAS Willow Grove

NSC Bayonne (Disestablished)

NSC Charleston

NSC Long Beach (Disestablished)
NSC Norfolk

NSC Oakland

NSC Pearl Harbor

NSC Puget Sound

NSC San Diego

NSD Guam

NSD Newport {(Disestablished)
NSD Subic Bay

NSY Norfolk

NSY Philadelphia

NSY Portsmouth
NAVSUBASE Bangor
NAVSUBASE New London
NAVSUBASE Pearl Harbor
ASO Philadelphia

NPFC Philadelphia

NARDAF Newport

NAVMTQ Norfolk
NAVRESUPPOFC New Orleans
PMOLANT Charleston
PMOPAC Bremerton

SPCC Mechanicsburg
SWFPAC Silverdale WA

Pigure 1.2 Baseline UADPS-SP Application Segments.
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Figure 1.4 Logical Network Comcept.
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IX. THE CONCEPTUAL DATABASE SCHEM

A g 4

A. DATAEASES PRESENTLY A4 PAKT QP SPLICE

The present datatases of projects wunder <he umbreslla of
+he SFLICE project vary greatly. Non2e ¢Z +thz datalkasss are

u

standaxd., I+ is cre of the pu-posss of <his thesis <o
psopose a new conc2ptual desigan of a database in the SFLICE
projec+ which will help standacrdize database operaticns for
all sites involved with *=his p:ojec.. Sircs each LAN will
hav2 a datatase manacement modulse, candardizizg datataszas
will allcw users +*c¢ gquery databas2s sasisr from <Tzpote
sites., All queries could be standardized as well. This
chapter will discuss +h2 ccnceptuai dasign of such 3 3a+a-

tase.

B. DEFINITION OF WHAT A CONCEPTUAL VIER ENTAILS

The ccnceptual view is a <Teprasanta<icn of <+he enzice
irforma*ticn content c¢f <+he database, in a form cha i
awhat abs+trac+t 1in comparison with +hs2 way ir whichk the

s

£

a*2 is physically stcred...th2 conceptual view consi
gul=igls cccurences of amul=iplz ~typss of a cornceptual
rzcord... =*he concsprual view is d2£fin2d by means c¢cf th=
ccnceg“ual schema, which includses Jd2finiticns ¢f 2ach cf the

various typss of conceptual reccerd {Ret. 6]. This gezns

[N

«ha< the ccncep-ual view of a da*apass shcws the cveral
a

t

content ¢f *he database. The ccncaptnal schema definss =h
view.




The database vwith which we ar2 concerned is a da<=a-
base which contains information abou+t par*ts. These pact<s are
rar~s fcr ships, airplanes, etc. Taerzfore we ¢an assame
“hat ltasically zhis catabase will be a system which irvento-
ries raz*s. Ir a2 database o¢f this type certain iafcomation
is impcrtant:

1. Stock number cr Manufac-ur2r's aumber
2. Nams of <he manuiacturer, if it appliss
tc *this iz2nm
3. The cost of sach itenm
4., Thke quan%ity c¢f items available
5. The lo.a*ion c¢f ths item, The Ac=ivity
6. A brief 3isscription of that i-=2a.
This is the mirimum amcun* of Informa=zion which is regquiresd

for an irvertery systenm.

2. Appzoachs=s ussd io BR2przesent a D

- — b s e

abase

-
~
" s

The next thirng to deciie is <he kind of apprcach +o
ke used <tc reprssen+t <+“he da+t2 in <he latabase. The bes+
krnown apprcaches are rela*ionel, hierarchical, and ne+weczk.
The agrrcach propos2d in +<his <thesis will be th2 rela=ional
approach. The r=laticnal approach “o data is Dbased

fu
. »
3
I
0
[ - ]
m
[
o
1Y

realiza<icn that files <hat obey <csr+ain constr
considezed as ma*hema+tical relations, and hence “ha% 2lemen-
tary theecry abcu+ relations may be brought <c Lk=a
varicus practical prcblams of dealing with 3ata in such
files [(Ref. 7]. No+ice <+the relaticns given in ¢

Thess table-~like structures are called relations. The =
¢f such taktles or relatiors are called %"+«uples" and <the
cclumrs are usually called "at<eributes", Onz ccnceps tha+
r2la%ticnal thecry emphasizes and for which thers dces rnot

ssem t2 te an sstaklished da+ta procassing *+=2rm, is the




conceft ¢f the dcmain. A dcmain 3is a pcol of values fon
which <+he actual wvaluss appearirg in a given columr are
drawn [Ref. 7]. -~

3. CErorcsed Conceptua atabase Deszgn

- S S ct e

In figure 2.1 notice relations c¢f which “he dacabese
is ccmpcsed. Thece are four rela+ions *o be considzred. The
firs* c€ these is the Stock-Part relaiicr which ircludes=:

1. Stock Number (Stock-¥um) =~ This rumbz:

ig the Pederal Stock number, a
*hirtean digit nunber, rnozmally, which
assignad +o 2all stock parts. Ths

stock numbers cculéd be listzd in a
user's manual wihich could be placed on

ssecondary storage cr onlinz. When the stock
numbar list is upda<ed, an updated versiecn

of the us2:z's panuval couid b2 prin-ed.

(Note: The format cf +*he Pederal Stcck
Number is givzsr ba2lsw:
1.Ligiss 1 - 4 7

S

B 2.Ligi«s S - 6 VNaziopna
a

3.Cigixs 7 - 13 Nati>d

Addi=iozally, digi<s 14 - 15 are
used for Weapcn Sys:tams and Aviavicen

parts.)

2. “Maanufacturer Number (¥f-¥um) - This is
; assignsd tc +h2 pact* by <he manufac=ursr.
Since *here is no ccnsistert way cof
numb2ring rar*s by manufacturers, i< would
ke b2st if we did nct as2 %h2ir numberin
schame “0 irvenzory parc<s. Ther: ccuid
also be a duplicaticn of manuiacturer!

(1)
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numberes because of the inconsistencies

> -

caus2d by +he lack ¢f standards us<d by
manufacturers. The usse of Faderal 3=ock
numbers would eliminate <his problsza.

3. Maznufacturer's Name (Mf~-Name) -~ The
mapufacturer's rame is given. Some perticr
of it could be abbreviatazd.

4, Far% Name (Part-Name) - This gives <he
genaral ca*csgory cf a part, i.e. ruider.

5. Cuan*i+y (Quanti<y) - This is the rnuaber
of par*s onr hard a+ zhat particuiar *inm=.

6. Ccst (Cost) =~ This is the cosz of cach it=2m.

7. Letails (De%ails) - This will givs morTe
details “han the par* name. Infcomazien
such as the diasensicns of 4¢he par:t (Size,
lerng=h, 9tc.) z2re given., The 3iffererncses

r dime2nsicns will cause <hs s<ock number

tc change, i.e., a 1/2 inch screw hzs a
rent stcck number <han a 1/4 inch

8. Fecrder Point (Rscrd-Pt) - This is +he
pcint at which “he invsantory is Ceplenished
€or <his par=. When gquantity gsts balew <his
pcint *he Vendor's list aust be consulted
+¢ reorder steck rarts (True £or Gevaramen-«
equipaent) .

9. Weight (Wt) - This is “he at=rzibuts which
gives the weigh+ c¢f the part in <eras of

pcunds, i.e. pcunds/pacts.

10. To=al W2ight (Tc=-Wt) - This a“<ribu+s
gives tke tc*al weight of all parts wi<th
stcck pumbe:z.

No+e: The k2y is Stock-Nunm.

21
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The seccnd relation is Local-Ns+w., This relaticn pooviiss
fast access *o information indica*ing the sites whsre stcck
garts may be fournd, The attributes includsd in =
*ion are:
1. Stock Number (Stock-Num) ~ Same as stock
numbar attribute in the Stock-Part relaticn.
2. Tatabase I.D. (DB~-Id) - This is *+the number
which will ke assigned +o each database.
3. Sits Number (Sita-Num) - This 135 “he number

ite wi=hir

n

[11]

which will ke assigrned to each
“he SPLICE system.

4, Where (Where) - The location withir the
SELICE sitg of a par*icular par:, &.9.
Ckarleston.

Note: The k=2y is Stock-Nunm.

The *hizd =zelatiorn is Vender-Lisz. I+« is a 1lis=+ <f
a

W
[ I
’..l

sndcrs whe service *his LAN. The at<trvibutes zre

1. Stock Number (Stock-Num) - Sam3 as szcck
given in prior relations.

2. Guality Vendcr List (CVL) =~ This is *he
lis® ©f vendors +that govarnmsa* agsacias
are allow2d %o preccure parts tfrom. This
list is predefined aand could ke placed cn
sscondary storage. adhen a list Is znesdszéd
i< could Lte priznted a*% that tims.

3. Bid 1 (Bid1) - Gives the name of the venicr
who bid on <he par<s con=ract, His bid
is alsc includad,

4, Eid 2 (Bid2) - same as Bighi.

S. Eid 3 (Bid3) - Also *hz2 =same as Bid1.

6. Bid Evaluvaticn (Bid-Eval) - This attribu+e
lists +he vendor who won the bid.

7. Burchase Order (Purch-0rd) - This atzribute
gives <he purchas2 order numbez. If +his
a=tTibute is known, we can collece

22
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historial irfcrmation or 4aza ccncectaing

ordars.
8. Lead Time (Lead-Time) - This az4¢ributse
3_ gives the amoun* cf <ime which is zse
between the tize the ordar is placsd

the shipmenpt is delivered,
Note: The k=sy is Puczch-0Ord.

inforra+ticn concerairg the manufacturer of

includes th: f£o0llowirg attribu*es:

1. Menufacturer Number (Mf-Num) - Same as

previously descrited.

2. Manufacturer locaticn (Mf-Loc) = This
a<tribute gives the city the manufac:u
is locazad in.

. Addtess (Addrsss) - This attribu=zsz givs
t+he mailing address of the aanufactur
4, S*tate (State) - This z<=ribut2 gives =h

tad

Stat2 ~he manufac<*turer is locazed in.
S. Zio (Zip) - This attrilutz givas the zi
ccde in the pmanufacturerts ald-sss.

D' Qn

Tha f£inal relation is Location-Mf. This <rzla+ti

S
e

]

P

6. Fhoie Number (Phcne-Num) - This a<+ribu+

gives *=he thone nuamber, which Iznclude
tke area ccde, 2f <he manufactucer's
I:presentative or salep=arsoa.

[

7. Salzsperson (Salesperson) - This attzib

: d

—

ves *the name of +hs person who s

£ O
'.‘

o]
as responsible £2r <he sale 112 & pre
contract.
’ No<«e: The key is Mf-Num.
X Thus, w2 have a relational database. s da=a
informa+tive but alsc historical ia nature.

¢czia2r numters, lecad “ime and marnufaczurer infor

S

1

z4d
nd
ion <cn*aias
he par+t z2nid

o
TeT

«f
®

Q
14

gossikle tz de<ermine when par<s warz delivered. Tha

23
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purchase tder number cculd be placed in <the atizibhute
details aleng wizh i<s size, etc. The lcecal netwcrk_:ela-
tions cculd be used +¢ helfp updazs parts wi+hirn <he SELICZ
syst=an.

Belation S+ock-pPart has an attributs callzd waight.
This a%<ribute is the weight of a part in pounds/pa-=z. #Hh2an
used in cenjunction with the totval weigh% at<ribute, a gquick
check can be made c¢r the number (quanzi<y) cf availatle
ar+s witt this stock numbe:z, i.e. Number of pac+ts = (Tctal

o

Weight)/ (Weight in pcunds/pacz). I£ <his number is no* <he
e a T

s tle attribu<%e quanti<«y, tha2

A numsber of queries may be parformed c¢n this daza-
basz. The table-likes structurss of relaticral d4atabases make
the tesults c¢f operations perform2ad on a da+tazbassz =2asy *o
undarstand. The cperations ircluded in this thesis ace:

1. Selections
2. Ezojections
3. Jcins

A selection is ar  oreration which asks for <hcse
tuples in a certain rela<ion <hat meet &z cer+ain crizericn.
For example, using “hbe Vendor-1list relazion, +the Name and

rst Bid ¢cn =z particulac

[

Bid ¢£ +te verdcr whe wmade <hs 32

)

succkass crder cculd ke szlectad.
A prejec+ion is an op2ra%tion wahich +akes a rtsla<+icn,

rzmcves scme of the aztzribu*es, and r=arranges some of
re2maining attributes, if necessary. For exampls, using the

local-Ne+ r=la«icn, 3if <he Da%*abase ID and Si-e Number ware
nzeded ¢ answer a gusry the inforama+ion could tbe pzi

giving <he Site Number ficst followed by <he Dazzakass ID as
cpposed ¢ the way it presen+ly appears Iin <the relaticnal
“able. Trezefore data could b2 formatted in any manner <he

usar wan+ed,




S e I

Finally, there is the join opeca<ion. A jcin is z-=

opera*ica which combines data of +wo >r anore rela+icrs. For

examgple, wusing +the S+tock-EBarts and Locatrion-¥f rszlia<ioans,
the addresses co¢f owpenufacturers with a particulas s=cck
nuaber cculd bse fourd using the joia operacticn iu consunc-
tion with *“he selecticn operation. All of <he abcvz cpera-
tions can be used to answer a gusry £o- the user.

The Telations in +his da<abase are razher lecrng, bu+

*key ars designed thar way in otietr <c aveid ‘havizg many
joirs performed cn relatiox=s. Zach relazic

inferma<icn as is necessary for <hat pazticula

0o n

all ¢f *he irforma+i
e

n is no* nsed2d, s=2l:zceizsns can be mads
n which a<+t-ibutes should be project=zd by <he |user

user wculd havs ¢ nesed of Jjcining numerzous <Teliticns

+5gethsr Iir orde- “o0 getr -he infcrmazion he nezds.

—— .
R
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A. PCSITIVE CHARACTERISTICS OF A DISTRIBUTED SYSTEM

Tte lccal area retwocks in th2 SPLICE sys=<=sm are made cf
a

distrituted systeams. Some of the <charac

ct
W
f1
b)
ot
[ 22
= QO
mn
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th

distrzibuted systzm azr=z given below. Firs+, minice

used in zhe Systenms Sececndly, distributrad

usars more individualized ccecazrol ove cess

dulirng 3% jobs ard quali+y of servicaes can be deteruxined by
s

+he us2r himself. Finally, distribu=2d systems can be mcce
r2adily tailcced <o c:ganizat; nal s<ructures. Sirce nc =we
craaniza=ions are exactly alike, flexibili is imporzans=.

B. NEGATIVE CHARACTERISTICS OF A DISTRIBUTED SYSTEX

buted systems ars complex. Communicitions raciii“les mus=
ke prccrrsd and CODfUtSrsS BuUusI be coanectad. Data ccmpat-
ability alsc must be snsured. Thus, 2 aumber of p-obl=ms may
cccur in a dis<ribu*ed ernvizcna=n=,. These problems and
possikls scluticns will be discuss2l Ian <cthe £fcllcewing

C. FEEBCBLEM AREAS

1. Accsss Cenirci and Sscuriszy

Cne ¢f the biggest prctlams iz a dis«ribu<ad sys=en,

as In arny ccmputer systam, is acczss corercl and secucisy.

.

I data 2re 2tlins arnd “here are anulwiple usszs whe nay ba

abls %¢ access <-ha+ data, care mus+t b2 <iken ag <o how da%a
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are prsserved. Data can be altsre
1. Acciden%ally, thzough <yping =zcoers <:

frogramming €rrers
z. Irtentiorally, ~hrough malicions misuse

cf a database,

TI¢c grevent incorrect data from b2ing stored in oz
datatase ¢r being zead by unauthorizei personnel, ~<herze zce
tvo areas c¢f concern. According <o Ullman, <hess ccnes:oos
are:

1. Integrity preservation, and

2. Sccuri-y.
Integrizy preservaticr is quardirg against a3 conmalicicus
erroz. This can be done by writiag a prcgraa i such a way
vhat i« chscks for cenflic+ing =c-scc-ds before azny=hing i
com .

[1}]
ot
(2]

S
plezed (updatss, imsercs, . Secuci=y, <Cr access
' Yy

scmetimes callzd, .S concac-rned

0

ccntrcl as it i v
restric=ing access of usars. Oaly thos2 ps-scns wizh a "need
+2> krnew" sheuld have access 0o vac<icular data. Therefcre,

modificaticr and alzeraticn wcuid ozly be pssicrmed by
authcrized rersoanel. These preacau-ions, if taksa, vwculd
allow mcre centrel over data and zhus prisacvs ~he accuracy

“C 3 grsa%=2:- &x=ent. As a bear minimua, 211 cnline Ziles
should have access ccrtrel using account numbers aad accem-
paiaying rasswozds. These passwords would rses<rict =<hs users

=c data which 15 rneeded only by nim 2T nez =0 g=t the job
dcns (for exampls, read-cnly rpasswords). This 1s ne=zdad just
for ccntzcl cf everyday usage of the da*abase. A oumbsr ¢f
additioral re ctiha<

rrecautions can be =z2ken =<5 furthar  sasu
ss vulneratls. Encryp+tion, the coding ©
*hat it is unintelligible, 1is bDbeing used 3in “he SELICE
sys<“em as a <fur+ther precaution for *+h: protaction cf 2da=a,
This is nce sffective, howevar, unlass the progrars which
encoyr+ data are protected frcm would-b:z infiltracors.
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A problem associated with all databass systzns is

thaz cf ccncurrert upda:es. This is tne problsm which may
coccur in ary system whi bas morze <“her one er updating
*he samz £il2 a3+ the same <ime. In a dis<:sibuted svsten,
~here is always <he
aad deadlock.

n wharzs <there may b= ons or mCre

where ttere are congirrent execu+=ioas,
chance of there being problems with livelock
Livelcck is a situativ

processes wairing on a locked itam. Using 2 fizst=-cone~
first-sezved stratagy cf locking izems usually r2solvss =iis
problem. Afterwards, all locks az2 =2lsased. Deadlcck is a
situaticn ir which =zach membsr o2f a3 s2t of <ransactions is
waiting to lock an item already locked Dby 2nsth2z t-ansac-

tion ia the sex. Since each “rarnsactiocn >f <+he sa2t is
4aiting, i* cannect unlock othex transactions. Thezafore zll
cf +*hem wait indefinitely. Detec*ion and przven=isn azs *w
ways of hanéling deadlocks.

Lccks should be placed cr all i<ems +*c be apdaced
befcre upcates are decne in ordar to solve *the concurrerncy
upda“e prcklema, Cer+a2in <rarpsac+isns pravent other %transac-

m

a1s frcm accessing da+a i<em un<i tha i is
urLlocked.
cf “he datatase. This is ¢pa

¢f +he various loczartions c¢f da-=a.

a T
Thearefore, cthar users caniac+w 2ccsss tha< pesotion
ticula-ly impor=an+ in 13

tutzd znvirommernts bscause

If <he lccking apprcach 1s used, =h2 L<em3 *5 k& lccked
should ke faizly larcse na ybe evan entire rela<ions. This
weuld csduce soms the cos=s asscciazed with =he lcexing

macnanisa.
whenr viewed cver the entira SPLICE sycstem, databasas
are ctvicusly gecgraghically distributad. For the2 purgoses

of maintaining adequate cont-ol over catalosging files ang

maintairing the istegriz cf relazzd £iles i +*he dazabase

(synchronization of updating procedures), =h2 da tabase

29




functions are centralized within each LAN. Other <tharn *=hs
fact +bar scme files will remain on <h2 Burrzoughs Hests and
some £ilss will migrate “o an intsractive D3M, th2:2 is ne
reascn ¢ previde for the dis*ribu=ion of databases witli

! IAN {Bef. 3].

&

3. Sys:ten C

Cne prodlem which neszds coansidsrcation is hew to
handle c¢r preven< syst=2m crashes. Wwhea a cempurer fails, all

or part cf a traasac+ion may have be2n ccampietred. Ther=z is

(o]

no sure say to t=211 exactly what has happsnzd, Fer tha=
rzason, it is essential tha~ backup copies cf files be n
pericdically. Pcr larger databases, copi2s can bs mad: less

~aguently than smaller onss bscause >f -he 2aount ¢£ <ime

§-

= zakss fcr copying large da-<abasas. Duriang recovery af<er
a failurz, 2 de+erminaticn has %o be made as *c whigh *ran-
sacticns shculd be repea=ed. Poz «his reascn, =2 lcg oT
journal is needed which will corntain informa-=iorn ccnc=raing
all changes o the cdatabase since the last backup copy was
mad2, Recovery from failure is vpar-icularly a problza wish
caline systems. There may te no copiss ¢ a
Thezefsre, i+ may be very difficult %o -sgosa<e +“he “ransac-
a

L

tions., 7Tle reprcocessing 21ay no* raps
s=quernce.

Finally, considera*tion shcuid be given TC preven+ing
and kardling system crashes aad of dealing wi«h whzther 3 !
<zansacticn has bea2n "“committed" or not, This is the peint
2= which a =maasac+icn {s ccrnsidesza complete, W
“.0ons naust be "radone" or "andonazth, a log oz 4
cortains those vwhich have commit+2d Wwill assist in Teccen- i
s=ructing the database. 2Accozding <%~ Ullman, {[Ref. 6] cne '
could define 2 “wo-thase ccmmit poiicy which wculd cperate

as fcllcwus: ,
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1. A “zansactidor cannot write irn<o <he Aavabasc

until i+ has comaitted.

2. A transaction cannot ccmmis until it has
reccrdad all its changas to itanm
jcuznal.

All unlocking is done af=er +the commizted t-ansacticns have

cccurred. Oncommitted transactionsz zaznot b2 izpu

database. 1If a crash occurs, destzoyed data can te redcne

using thke backup copy of ccmmi<ted <ransactions. A 2

cculd bs sent to tle ussr warning hiaz about <ransacticas

which have not bzen ccmpleted. Alsc, af<sr a crash, locks
may s+ill be in rplace cn data i<ems, a fecovery =
hav2 to remove these locks.

4. Data Logcation

(") . Gglgkal or Logal.

The charac*2eristics 2£ data, as zelazed +»o
a dis*rituted systan, will now D& exaainad. A
Kzoerke, [Bef. 8], <he <charcac=2ristics c¢f data in <he
dis+tzibu+ed envizonment can ba2st be 2xaminzed by cornsidering
two guestions that *Lhe designer of a syst2ana must 3nswer.
Firs+, "Wlecze is the da*a tc ba locatzi?" Secornd, "How will
i-= be upédated?"

Da*a can be =sither lccal or glebal i 2
dis=ributed system. local data is only needzd a~ *Le lccal
rods [{Ref. 8). It is processed by an applica-icn crregram of
a local «compu+ez. Since da+<a is noz used by o<hszr local
computess, ncdes never request da*a f£zom o-her rnedzs. Glokal
data, on the o4her harnd, is needed by a progzam oI crograms

+ha“ Iun ¢n at l2ast <wo computess ia +he dis*ribu<ed sys<en
g

{Ref. 8]. According to Krcenke, eighty percent of the Ja*a
a* 2 20de tapds <0 te 1local and %weaty psrcant  is 3lcbal.
These 2-e rcugh guidslines. Also, Kroerke feels +ha= local

ah

data sheould -cemain lccal. Communica%tior COsS%s are <2¢ hi
to meve lccal da*a frtcam the ncde on which it
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(2) . Certralizsd or Earziziorned.
I+ is no* z=asy to krow exactly whera to
put gleotal data. The first «considaratica is whethaz i+

should bhe centralized or partitioned. If it is cen=r2liz:gd,
cre ccmpu*er in *he distributed natwork stores zhe data. A
raguest is sent *o this computer whsn global da“a is neede=d.
Partitioned date, however, is spread over sevaral cCcmpu*srs.
If data is needed , <its loca<ion has %0 firs= bz detsrmiczd

{

and *hen accessed.

The advanzage »f cencralil

every ncde krows the lccaticn of da<a. Tai
[

which will ©be uzed in <he SPLICE <syst= : bas=
Maragemsit Mcdule in cach LAN. This makes the sys=sp siztle,
The cencurcrent undate problem would »2ly b2 handled by cne
grocesscz. Hewz2ver, if global da<e is nesded, i* is pessitle
that a pe-fermance bkcttleoneck will dzvelop when acc2ssing
daza frem cre ccemputsr. Parti-ion:d da=za would nct ciuse

+his kind ¢f protlen.
Reliability also has to be consiijzced.
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With cen<ralized la<a, if <ae on2 4a

all ncdz2s in ths 1lccal network would have 4o disceoz=inu2

f-ocessing. When global da*a Is needed in a partisicrnzd daza
n

systsm iZ cre node fails, all c<i

could ccn+inue processirg., Unfor-=una=21y, upla<zs <f car=i-
tionzd da*ta are much harder tc ccrzzcl (Ref. 8]J. A cen-ral-
ized systsm can te configured to continue op=sra=zion, i =zhe
case ¢f €ailur2, Dby using redundan:t ha-dwace and scf+wace,

ccmbined wi+h mirrored disk cperation and checkgpciz-ing.
This will te “he way SPLICE will handlz “his rrobl:zm.
(3. Rerlicated cr Nonrsplicazed.

There snpould b2 21 number of ccpies 0Z =he
data s“crzd in tha ne+wotk. To C-eplicata cenzralized 31lcral
data, =<he wentize ccllectien 0f global da=za is stcred at
several lccations in +he network. #han zhiz is dczsz, :tha
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nodes rneed ¢nly keer 1lists of <he coaputers havirn ~hz
replicated daza. They do not aeed dirzctories fha< shcw the
lccaticns of par%icular kiands of data; all of <+he 3ja<a is
located at each of +te nodes. Also, r2plicaziag global Jata
elimirztes <he bettleneck and reliabiliry problems discussed
above, tut istzoduces the problem <cf concurrent update
contrcl [Bef. 8].

dhen da<a is gpar<iticred or ra2plica==4,
each node rwrust have access =0 a diractory =ha+ gives

{

(1]

v
locaticn or locaticns of cach *yp2 of daza {Ref. 8].
Thezefnrz, when 2 user zries to accsss gliobal da
¢cpasTatiag system o¢r CBMS calls upon the dirscteocy =5 find
+he lcca%icn of *hat da+a.

Finally, Kroenke szat=s +that the g
amount cf flexibility can be found wi<h -he <ceplicazed,
partiticonsed storage of data across a npexucTk, A
cen=rel is much more difficult. Mor: complaxity is also
added =o =he opeza%*icn of th2 network.

When updating data in =

O <
= 0
t
11
2
ot
15

=]
raplica+ed data, +thec-e is an issue which sh
sred., In 3 centralized, nenreplicated 3dazta sy
catlicr precgram can  leck cecerds bafo a
l2ck cnly izvwlives data in 2 single conmpu=zer, wherszas wi<h
z2plicazed da<-a a lecck would ha 1
¢oaputere wi*h +he glckal dasa ictzm. The problanm i
is *ha+ if locks are applied simulzanaously, crne user c¢ould
Ed>ssitly have <he rz¢nrd lockzd on 9one ccocmpuzéer 1
arnother 1user hais tke Tecorzd cckzd on anc=her ccnrp
Neither user has complete ccntrol becauses both locks are ia
place fo- <-wo different usecs. The system has <c¢ e
+his ccnflic*. This rrocess can was=-2 a 1ot of <ias.
Bven nonreplica+«sd, pac+=ition
cause p-ctlems. If a *transaction is to
ant rszcords, There is 10 probiem &
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done ¢n cre computer. If some of *hs 3Ja+tz a
computaers, however, <there cculd be =wo users icckiny zzch
czher cut+. )
These ace concurcency problems. Ths I=so0
luticn ¢f <tes2 proktlems is an active research acsza. Zven
*hough «lke ccncurrency updating problem is h
scope 0f +his thssis dos2s no+ include the rgscl

rzoblens.
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IV. THE DATABASE MACHINE AS AN ALTERNATIVE DESIGN

4 ——— s . et i s W S — > L— 2P

A. GEOWTH EQTENTIAL CP SPLICE PROJECTS

The da“abase coamputer (DBC) or ths dazabase n
(DBM), as it is somstimes <called, should ba ccrnsidered a
cne c¢f +«te hardware alcernra-ives for implementzting <he
Datakasz Management Systsm (DBEMS). By offloading DEMS <inc-
tions from *he hest applicatica compute-s =*¢ DBY, &
=ion prccessing spezd is increasad 219 SPLICE applic

growth can te aoc2 readily akbsorbei.

B. CCNVENTICNAL COMEUTERS
1. [Lsszgned using Lazgs, Cemplsx Scizwazs

Iarge da+abaszs of <the futures wmay rneed =2 DEN.
Bzcause “te database wmachine is a special purposs machine,
woichk can handle DBMS efficiently, 1large da<tabtases of <h=
future will more than likely be managsd by da+abass machizes
as oppossé to conventional database managemen< sofswara.

It <h2 £c¢llcwing paragraphs, J9B¥s will D
Aczuzl mncdels of DBM¥s will b2 przs=a<el and <he difZsrznt

approaches ¢ DBYs azchitsctures will be discussz4d.

2. [Lesigned =2 Acce

Laza by Physical Addzsss

qu
m

Ccnventicnal cemputer archiztec+urss 314 applicacicns
have kezsn design=d <+o refer =¢ physical addczesses ia ccoder
+2 addrass data. Wi*h the increasiang aumber of zpplica+icas
whichk are centerzd arcund informa<ion sterags and retrcieval,
*he cenventicnal systems arse uwnablz to re+triave infermatior

a
by content. This inakility <o handle comn=ent addcsssing has
l12ad tc interes* in computer archit2ctures which ar2 acrce
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efficen~ in informaticn s*torage and retrieval applica-icas,
Che c¢f +he soluticns =o <his problem 1is <he atarass
computer. The database computsr can be Zacorporated in=c &
sys=zsm ir cre of four ways:

1. Back-end precessoz for a hos=

2. Intslligsnt peripheral contrcl unit

()

. Stcrage hisrazchy

=

« Netwcrk nods.

O
ot
el
o)
t
-
«
(5
’4
Q
e )
£
o
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These apprcachess are independan<« of 2ach
suggsest +tha~ more than on2 approach cculd pe

-
3
(9]
[
for)
(s 1)
11
[N
14
9 )
of
O
w

sys+-sx's architecturs.

C. LCATAEASE COMFUTEEF APPROACHES

The back-end procssscr is 2 gernsral pucposs cocmpucte:
whichk is *hcught o0f as a masztar-slava confiquratzicn. High
level access reguests a2 pass=2d 5 ITn2?2 Dback-2nd pPUocEssor
by the hcst computer. Access validzzzcrn, menagemsnt of
storagcs, update lockcut, response format=izg, and I/C ~gera-
+ions are all performed by thz back-:ad processor. Afzer
+he back-snd procasscr is firnishedg, i+ passes <he IezroLnse

tack +¢c tt=z host,

Tte int2lligne* peripheral con=zsl uniz wer
conjunceicn with a gass stcrage dsvics. Highly repe
da<ix accssses are wmcvad £0 a mass s+torage contrel
avoid high cverhead on <the host haridware ani scicwara.
S
i
1

Func<eions lik2 device scheduling, head posi<ionirng, data

Liccvery, searching, sorting and errcr ccorecticr  ars

c2rfcrmed by +he intelligen< peripheral con=rc unit.

Functions like sequential associa+iva access and parallel

read (on a disk) can also be impizmenzzad. ( N¢cte: AR
36
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associative computer architecturs allows data =90 bz accs

n
in
1]
97

direc+tly bty value withou* physical addresses. -
3. Szcrage Hisrarchy

Tke storage hierarchy is simila: %o =he cache memcry
apprcach in that both are ccncerned wizth =he 1lccality of
data. Tte lecality cf access is such =zhat data 21lready used
or data near othsr data which has been uszd, is vary likely

chazacoec-

3
tr
' ¥ ]
n

to te accessed in the nsar future [Ref. 9].

istic can be used *o speed up <*he accsss ¢

kasz., The da+abase cach2 could oe insscted in <he sys=<enm
If

tetwesn main s+torage and disk [Ref. 9]. Zgplzmen+ed by a
sequential access device, such as CCD ¢r bubble stcroage,
access *ime would be lsss than 1 mszsc, if éda+a is loca<ed iz
the cache. Otherwises, <he regqussz would tak=s lcnge The
fac+ +tbat data is marnaged c¢n “he laast-rscen-=ly-used basis,

ersures tka: mcst of the ac+ive data =-zsides in the fass
accsss CCL ¢z bubble s*orage.

&
]

Acccriing o reference 9, Ta2 '"netwwerk ncde", ys*
arnother a2pproach =0 a Ja<abass coapu=sr, 1is a genz:cal
purocse ccmputer which cemmunicates with ssvezzl o<her nodas
in the system, pmost fresquen:l using a data con

a
gcotcccl and serial channels, bu< possibly using I/0 chan-

nels. The tanefi- in of <+his confiqurazion is tha+t ssveral
nodss (hcstg) can access a 3ingle sharzd dazabase, <“kus
avoiding rsglica+tion <¢f the da*a. I« Is imovlementei oz a

gzneral purpcse sys<tem, host and back-eand, or prccesscr oI
hos+ and in+teliigent control unic.
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D. TCATAEASE TECHNOLCGY

n

Ir the rast decade, <the Databasz Maragzment Sys=tzm has
bacome more popular. There2 acse many gains to be made <h:-o
*hs vuse c¢f databass tecanolcegy. The Database Manzgem
System relieves the applicatica program of many *asks. Ye+,
the Catatase Management Sys*sm has had Iiis drawbac
Typically, *he scf+ware laden da*tabas> managemen= sys<ed has
bzen large in size ard complex in struczuce, which rce or
cvertax<s <lte hest hardware, but aiso <stresszs <hs hes=
cperating system [Ref. 10]. Largs and mere sophiszica-ze
applicaticns began <“o demand more spesd, czp
ret-isval HAexibili-x on erecal purpcse c~mp
Thecefcze, 1it's not surprising that 2 way *o0 a2lleviats scoe
cf +he demands on general purposa computers has beern sc +

s +~schaclcgy iamproved i+ was cl2ar =h

a
machine", <c¢re specially designed =

[Rd

data wi+k more flexibili*ty <cha:zn TsTSs
sunnizg general purpcse software {Ref. 11].

E. INITIAL RESEARCH CF DBNS

ne L[EM conceot star<=2d i< Bell Labs in zas
garly sev wcck o¢n 3 "“back-=snd" DBMS (Cazapzse

a
as

Managseman< Systsm) using Jgens=ral purpcse compu=wezs in  a
men+ [Ref. 11). As a back-zrnd machine, *hsz
p

[BC (Latakase Coppu=s=r) attemp=s T2 achisv2 high pzrfcrmance
ard lc¢w ccst [R2f. 10]. riginally, =a2 five gcals of the

DBC wece:
1. Toc desigr a machine wi+h <he capability o

n

hardling a very large onlins dazabase c%
10 byz2s or greater (Tha DBY is asually
a latsktase
ay (1979
orable

act ccst effective on a3 smalls
2. To tu:=ld a da=atases compu=zser =cd
v

3. Tc tkave “he DBC ccapat: in a f=z
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panper with +he axisting DBM3 as £ar as
sys<em throughput arnd cost of database
s=crace weze ccrcarred

4. To make security an intagral par< of th=
DBC d=sign

5. To crcvide a Teretnire c¢f very high-ievel
ccmzarnds in order +o sufficizn+tly interta

itk front-a2nd computers and suppcc

datalbase management applicacziors.

F. MCDELS CF DBNS

’ﬂ

1. I8 Pasily

a. IDM S500/1 ard IDM 500/2

Zritton l=ze, 1Inc., a company in Lcs Ga<vcs,
Califecr:oia has Jsvelopred a number of rela+icnal database
machirnes, Among ~hose davelcpzd ace¢ <he IDM 509/1 2né IDM
500/2, relational in+slligen=< 3a<zbasz machizness, as well as
“he 1IDM Sysz=am 300/6G0, a rz:la<ional da*abass managemsEn:

sSystem.
The2 IDM S20/1 was +*hs first high-perfcomance

In«elligen~ Datatase Machine (IDM) oz <h2 mazke+. 1I* serves

as an auxillary rrocesscr tc cne oI mor2 hos= coapuzsrs a2n2d
is drivzn by a hign-level guery languags waich 1z zssiden«
in the Lest. Z* hardles tha telazional da-=abass *=asks azd
panages dzdicated darabass disks. The IDM 500/1 has soca 2oz

expansicn fcr medium <o largs 3da<apase aonplicazicns and is

frogramaed to cp+timally perforay rcetrievioag, aria<ing,
sor+ing, e<¢c. The ICY 500,/2 4is basically <he samz machine
but it Zg£ a high-end custom-designsd 10 MIPS 3Jatabase accel-
€cazcr mciel. I+ hardles transac<ions 2 o 19 times fas<sr,

A full ccaplemen* of darabase manag:smant functicas pe:i::med

By bcth memtiers of *tke IDM family ace liszed h2iow

-
o
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1. Easic Ccmmanés - Host formatted =c IDM
specificaticas, which cr2at2 aad dastrey
databases, Telations and indicies o daza.
:? Alsc arppending, re%rievirg and replacing
f da*a are handled in rela=ioms.
2. Intsgrated Data Dic+*ticnary - Data dic4ienary
relations are autcmaticalily maintaized

¢n infcecrma*ion abcur daza.

3. Trarnsaction Management - EZasur3s thaz
user-sgecified “ransacticns ar:z fully
en~ of

ccmpla=ed or backed su< in <ne =v
a failure.

4., Ccncurzency Ccntccl - Allecws malziple users
tc safely accsss the sam2 database
simul+tanaously.

€. Access Ccn+rcl ~ Prevects data by using such

ca%urss as derny/permit 2ccess privilsgss

th

- L

td read/write locking of shazzd daca.
-

oW

6. Audi* Logging - Mainzaias chz
a

transacticn logs fo:z

O
(R}

rd Cscovary.

Y]

7. Backup and Rsccvary - Caliae du
suppo==s backup of disks
zransacticn logs *5 1iisk, =ap
hcst. The dazabase is rscover
lcad ard +ransac+ions ars =£ol

8. Bandom Access Piles

9. Stecced Cemmands - Minimizes 2x2cu=io
User~4:fined stored ccmmands ats fea=u

All +hess functicns can be sezn in 4.1 The architecturs is
modularizsd aad expardablz, In <Sigucs 4.2 ~he data
e

rain memory, disk con<:coller and tape cen+zcllsrs

processcr,
(optzicnal) are shown.
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Host Znterfacing is proeviled bv bpoth parallel IEEE-428 angd
arial RE232ZC hest in*erface modulss (Up <o 8 hests). 7T
system alsc has 2xtra expansion slots Sor Zuture g:cu:h. The
IDM S00,Z has anr ex4ra function, <th2 Database Acceleratcr.
I+ 1is custcm-designed ard has an ins*ruction ser which

cptimizes relaticnal databa se processing.

E. IDM 300,600

The IDM System 300 acd IDM System 600 ara
complstz relational cetabase nanagsmen% sys=t:ims for DEC vaX
us2r-s rurning VMS or UNIX, aad for PDP~11 UNIX usec-s, 12
Both «combine an Intelligne< Database Machine (IDMW, of

Brit=cn lee, with =znd-user sof=ware “cols in

-

datatase aprlica“ions. Included Za th2 sof=ware ar=z: 1) 3at

entry facili<ias 2) an ad hoc ornliin2 guery language 3) a
rzpor+ writer 4) prcgram langnags iz<a2xfacas for FORTRAN,
COBOL ard C ({prograaming lanaguig=z) 5 2z f£ypll}l compleéemsnt of

)
Catatass Adasinistraticn u+%iliities., Thzs IDM Syszzm 30C/é00
grchi*ecnuvre can be ssgen Iin figurs 4.3
The crfunctions perfcrmed by ~he IDM Sys=anm
S 1

300/6C0 arz the same as <hose listzd above f£crz +the IDM S00/
and ICY S8C0,2. Ther2 Zg an addicional func=icz, however,

Tha* func*icn is Mulziples dest Support. I* can be expanded
+0 3llcw several hos=s to access izs Jatabases. Thlis access
is rprevidzd by thz IDU Sys<zm 300,600 UNI3US 1Interfacs

/
ys=2a archizecturs. Figuce
ol

rackages., TFigurs 4.4 shows =he
4.5 shows 2 =ummary ctf the maxin

‘: 1]
-
(=)

capaci-ies,

<. iLBE 864440

Ancther <consideration is =a2 Datibase Processor

(iDBF 86,440) by Intel. It is 3 aicroprccesscr-based rzla-
2

e <
- -

+ional datakase managemen+t system. Fanctionally, &
mass s%crage con-reller for one or mor: hosts. Software and
specialized hardware are includ=d in =ha da<tabas2 naragsmen=

n
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system dzsign. I+ s po

set cf Jdedicazed dis
The iDBP previ
"kernel" which supports re
dataltases. I*t also provid
addi+icn to traditicral,
also 2aragss unstructured

a
graphics, digitized wvoice or diji+tized im

se
tegrity and recovery nmechanisms for sharirg ¢f daza. 1Irn

itionzd be*wzen <he kcs+t(g) znd =
shows the system azchitzcturse,
gs a dazabase managsmen= sSys=es

]
~Zonal, hisrarchical ané network
iy

£ conrcurreacy control,

record-orizat2d £illes, ~h2 iCBP
£ilas which may ceon<tain =z2x+,
ages [Ref. 13].

€
Even *hough <he iDBF 86,440 is <Le fizst of a family of
€

dat3zkass rmachines by Int=i,

as +he nsw VLSI comgpeczosnt
futurs. Figuze 4.7 gives “he configuradilizy c¢i =ze IDBT =

-

ivs system capacitiazs.
3. NCAH

Tte final databas:s

’
da*ztasz machine which prcvides a acdular archi=<ectu

2.

3. Securi+y

U, Feccvery

Figurz U4.9 gives
infcrma<ion.

Ttese were, <¢f co
machines which have keen 4

fzw years.

v ¢ hariwaze cenfigura=ion, Sem2 of ¥OAH!
sdules r£ssids on prccessors dadicatad to databa
uery language functions wails ozh
furrose host. The functicrns perfcomed by NO
1. Qu=zy languag:z (SQL/NOAH)

Ir<sgra<zd Da*a Dic+icnary

machine =0 be examineéd 1s called

rzcdetced by HIR Sys<tems Inc. NGAHd s 2 tesla<icnal

specifications and ccrnfiguraticrn

urse, oaly a few of the database
esigned and developed in the last
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G. EXPECTED PERFORMANCE OF DBCS

1. Advaptages of LB

t

A large rumbe:z 0f da<tabase managemen* furc=icrns ars
ipplsmerted in hardware. Since <this is the case,
ccmputers are expectéed “c gerform gqui%te a bi+ be<+
the conputsers which [provids thessz functions ia scfcwware.
Software sscurity enfcrcemert may aiso bsz absorbed in tha
ware.

An =xisting datzbase may b2 suprort:=d on <+he TEC by

caverting +he database =2 confecrm to “he DBC rspresen-=aziorn
cf date, This one tim2 ccnversisa is krecun as ¢
traasformaticn [Ref. 10]. The DBC marufactursrs cliaia tha<
nc cTeprogramming of +hke datatase managedent applica
necsssarcy, unless tks ussr wishes to rsicrma< his

u
€

g
interface will translate =nhe Jatabas= manageman+ cal
DBC ccmmands., Th2 interface rsquizss 2 smell amount ¢
wars because [BC coamands resembls thigh-level a<a

languages. This process i1s kneown is guecy wranslaticrn., 7Th2
TBC Interfacs package resides in the froat-end cempurwzz, The
int.zrfzce, +ogsther wi=h <h2 Jatabase compu=-zz, =c£2placzas a
full-scale sof+twar=s da+abase 1panagzaent syst=sm arnd I¢s
ccnventicral disk sterage {Ref. 10]. The applica=ion
program, towever, is nct raplaca4d.
acccrding to tefsrence 10,
I- is estimated thart ir supporzianc thess appliceticns o3
+he CEC, the datatase sterage c:quiszmagt 1s as muca as
1.5 ~2z 2 *im3s *hat, in a2 “CHORVELTLONAL 3YysSTeD. This
3XCE&€SE storag: requirczmen+, howcvaL, s adagua=ely
offset bty one ¢r acce orders o2f magizuie imprevement i@
+he a2xecu*+ion ime cf user <trransaczions. Purthermore,
ths s<orage "qu-rem n= for +he ;nd-c;es decrzases bx
oa€ or wmcre orders cf magnitude., Pizaily, the size ¢t
the software (i.e. +*the DEBEC in*acfacs) .s” 2xpect2d <c be
severa] crders of ragnituds smaller <han c¢cnven+tional
database management séf<ware,




Tcday, software for mainframe ccmpu=s:3s i

n

h2ardlirg problems such 2s reccvsry Irom failuze, ccrcurretcy
conzrcl, and integrity validation. I the DBC handles cuch -}
problems, it wculd relisve the pmaizframe systen cf many of
the dataltase software functions,

2. [Liszdvaptages of DBCs
Ir spite of =2il <he fpoten=ial benefi<«s rprovided by
datakas=s ccrputers, +heze are scm2 disadvan*ages which muszt
be poir-ed out. These disadvantzages are <he fcilcwing:
1. L[BMs increased system complsxizy
2. CEMs load balarcing is difficuiz
3. [EM=s will cceate <rairing and conversion
reguirzmsznts for users
{ When a systenm is designed, complesxi<ty, funciticnalis

and cos~ aust be considered. A decision has =2 be mads az =2
woich ¢f <hese issues is mcest impiartaan*t o an orgarniza+*ica.
The back-end procasscr and its associated sofzware aldds cost
zer syst:m [Ref. 14]. The
3acisicn which mus“ be nmade by <he o:ganiz +icn, howevaz, is

and ccoplexi<y tc the te+2l cenm

be)
[+

wherher *hese =wo added dimersicns will pay <or zhzmsslves
in =he future, Alsc to be coasideced is -he fazct +*ha= *wc
hacdwars arné sof=ware sys=ems will havs <c be nmain=za

Ancther ccosidera<icn is <he fact *thaw wi+th ccrven-
tional hests, it ig possitls <c balancs ths 1
cemputers. 'Once a DBM has beea acguired <thi
pcssitle, =since <he L[BM is dedicated <o one zask
danagemen+. However, it must bz z2=icned +«haz cne of <he
main reascns for acquiring a DBC is =o
hos+t tc tie DBC.

Fizally, i€ an organiza*icn has never used a daza-

(o]
th
(3 )
)
(o]
m
(%)
[~
[ ¢)
=
n
(a3
[}
[
3 ]
ot
m

L N

Bas2 ccoputer before, there will b2 a considerable amcur= of
tim2 which willi be needed fcr “raining and system ccnvars-
sion. The crgariza*icn must consider <his 2and incerpcecrate
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for <he

experienced ¢
disadvantagss an czgarniz

These are a few of <he possible a-
“ion cculd encounter as a rssult of changing its cgeraztion
+0 irclude the database computer concap=.
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SUMMARY OF MAXIMUM 10M CAPACITIES

SPECIFICATION

oM 200

104 500

Base Configuration

gExpandable to:
10M Memory
Disa Storage
Tape Contzoller
1/0 Controllex
RS=232 serial and / or
IELE-388 parallel

S board set
an 7 slot chassis

1 Mbyte

4 SMD disks
8 transports

24 devices

)

board set

w16 slct chassus

6 Mbytes
16 SMD disks
8§ transports

64 devices
Yes ~ cptionai

Database Accelerator No
Relational DBMS Capacity
Number of databases 50 30
Relatiuns per databasas 312,300 12,000
Attraibutes per relatian 250 2%0
Tuples per relation < ballion 2 billion
Tuple width 2,300 tytas 2,000 bytes
Indiceas per relation 5% N3
Attributes per index 15 15
Index type Btree B'tree
128 4,%

Numper of Users

Pigure 4.5

48

Sumsary of the Maximum IDN Capacities.

E - ..

i X0



 HosT

PERSONALITY
_ SOFTWARE

—————— e

et

Figure 4.6

The iDBP System Architecture.
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Configurability

Svystem Feature
Memorv size

Host interfaces:
{mav be intermixed
per svstern)

Mass storage ntertaces:

System capacity

Maximum fije size

Maximum number of files

Maximum number of databases
Maximum number of fles/ darabase 255
Maximum number of items/ record
Maximum number of concurrent sessions 254
Maximum structured record size
(cquais maximum page size)

Options Available
640K bvres of RAM
IC24K bvtes of RAM

One to sixteen serial hinks (RS232) .
One to tour parallel hinks (IEEE 488)

One or two Ethernet links

One 10 sixteen SMD-companble or Winchester disk drives
One to four SMD or Winchester disk controiiers
One start/ stop tape drive

32,767
268 Mbvtes
255

127

8,197 bvtes

e e

Figqure 4,7

50

Configuzability of the 2IDBP and it's System Capacities.
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Preliminan Specificalions

Database Type: Relanonal
\Maxuimum data capacity: 32 billion bytes
Typicai processing rate:

2.5 iransacuions per second

10-2$ with Database Accelerator Oplion

M of per IDM: 50

M of rei {files) per b
32.000

M ber of d (fields) per relation:

by
%0
Maximum number of tupies (records) per relation:
2 bithion
AMaxamum tuple width: 2000 bytes
Data tvpes: 1, 2, $ bvie mregers
1-255 byte vanable length character fields
1031 dipst packed decimal
4. 8 bvee Nloaung pont
Maximum number of ciusiening indices per
relation: |
ber of non-cl g indices per
refatson: 23S
ber o

f o ins (keys) per index: 13

Index type: B tree
Configuration Information

Base configutation:

¢ Query Processor
8 Channel Processor Boards
Daiavase Processor Sofiware Loader
SOL “osh Query Language
Database Management L.tiines
intertace € “fiware tor Supported Hosis)

i6 Sior Cnassis. Power Supph and Bottom -

Plane
* Daiabase Processor

\Memory Timing and Control Board

AMemory Storage Board (256h bites)

Disc Controller (supports up 10 4 dlorage
\Moduie Drnes)

Senal or Parailel 170 Channel Board

16-slot Chassis, Power Supply and Bottom
Plane

Options

e

Additional Query Ch
(Suppons Up 10 12}
X2 Query Channel Upgrade
Report Wrniter. Quers Channel (Available 9/83)
4i8 1EEE Host- Noah Upgrade
488 IEEE Internaj Noah Upgrade
Tape Controiler and Tape Drive
(Supports up 10 8 1ape drives)

Database Accelerator (Tymically improves
performance by a factor of 10}

Memonrsy (256K bvie Array Boards) - up to
3 Megaoytes of Storage

Physical Size I H N30 DX 2" W
Noah Enclosure 197 W X2 H X 2™ D

Weight: Noah Enclosure 150 Lbs.
\Man. 120 Lbs, Avg.
Cabinet pay 100 Lbs.
1DNY 170 Lbs. Max. 150 Lbs, Avg.

Electncal Spec. 900 W Max. 120 V' 60 Hz
AC = 10%

Figure 4.9 Specifications

and Configuration Inforaation.




V. CONCLUSIONS

Disztzibuted prccessiag and cComputer natwcIks ars
ezcabpling ccmputirs <o use programs and daza s=cz2i irn
computars a+ Jifferent lccaticns. The SPLICZ prodsct is crne
of -hese prejects  in which thsse advazcss will be inccerpo-
rated, Gzcwth in ccamurica=ions, inicompi=zrs 3ni 3icozc-
ccmputecss is @makiag th2 use ¢f dis=cibuted rcocczesoing

ke jebks which wus2d =<¢ b2 deone ¢ i13zge3,
vily =shared coaputers «carn now b
1cccaputers [Ref.

ainiccmpt*ers or micic 573. Tha= aivan+<ages
of dis<r-ibu*ed information has 1:r2ceivad increasing azten-
<ion. ke racogni+ticn of <ches2 advarzages has provided
impe*tus +c¢ work on disiribu=2d systerns. dcwavar, <he
complexities c¢f such systems must b investigiwed z2z3
rssolvsd £ thess systems ars *o wock 2£3Zcectively.

Tris +hesis cnly cevered 2 small por=ticn ¢f SPLICE, <zhe
Dea-atasz Maragement Mcdule. 2 conceprial dssign of +hkz Ja<a-

s
s givez. Since “he databasz will b= cne
r

bzse for SPFLICE wa

which wi1ll con%ain da<a on Supply par+ts, <he azt=-itu-=as

given in each =sela*ion war:s carafully chsssn =c zzflect

inforra+icn needed in an laven=ery syszen. Ths -=zizzicns

wiich wzre designad ars 1leng. Snezt=r rsla*ioas ¢ar Dbe

joined <c pzcduce the same attribu*es. Joing, however, can
T walch iz

-

ansSwer 2 gquery, were utilized.

Among <ke problems of a distribu*ed system a
con+zcl and security. The use of znctypzion device
accounts and passwords arte +he mialaum iz secucity
which pust te incorvcrated into SPLICE.




Cecncurrsnt updates ia a distsibured :snvircoment  oan
cause a grxchlem. Hcwever, deedlocks and 1: elccx$ caTn
possitly te handled ty using locking s=r-a-egies., Besidzs -=hs
concurrent ugdat2 prcblem, =c-2covery <£rom crashes nust bz
considered. When a syst2am fails, zthe rnuaber of =—ranszc4isns
which were complated is unknown, Théerz2 must be soms tyrs of
logs ¢r jecurnals which will relp o determin2 not only waick

t

wransacziors ware ccmpleted, butr alsc the scurcs cf =
failurz. All of <this has to b2 consiiered i light cf =he

fac~ <tha* octher systzms ir a Jiszribuvred =ne+wcrk ais<
n

compu<2r has fa
lccking da+ta is ancother problesa withiz a locecal azez
r2twork. Whethezr data is lccal or glotal, cern4tralizei oo
4 n

icred, will A4z2termine <he nagniztuds of =he praotler
bi

Acc=2ssing data as well as upda+ing data can b= a g vrchlien
especially if locks must be placzd orn the Za<a

Finally, alcernative hardwaze ccnsideraticons fcr STLICES
w2re discussed. The dazabase compu<=2rs were propesel as ar
alterrative to ccrventional compuz2zs. The diZfecen=
approachszs <2 datalkase compuszers 4er2 given (back-2znd
E-ocssscy, in%elligsnt perighercal, sto-age hieraczchy,
necwcrk £cde) along with a bris€ dsscripiicn ¢f esach. 1Alsc,

gsaveral mciels <f Ccatabase comDUT2ETS W2ITe presente

thais functicns and acchitectural ccenanfigurations. Focm ths
infrrmaticn present2d on “hese databiss comp o]
which were relational, we €found that <hey hav

which cculd ke very useful for SPLICE. The

are akls tc dirzectly access <he conta2nt of a dats i+er as
w2ll as teing able +o offload dazabas2 managemsat sys+:sms,
Paka *hep very a*trac*ive alterna<ives. Some of +h2 dztabese
ccmputers are even arle to iatesfaca with axd rg

tasas. We must, howeve:, take intc accoun+ *he disadvan=

ages
cf Jatatase computers. All <hing corsidaced, datzbass
ccmpu*ass szem tO be a very viable altarnative for SELICE.
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